Anterior cervical discectomy and interbody fusion with autograft has been a common treatment for management of degenerative or traumatic instability of the cervical spine. This procedure has reportedly yielded fusion success rates from as low as 56% to as high as 100%. 17 The variability in reported results can be ascribed to multiple factors, including surgical technique, criteria used to define fusion, length of follow up, and number of levels fused. The success rates are lower when multiple levels are fused than for single-level fusions. Although various methods have been developed to decrease rates of nonunion after cervical fusion, grafting of autologous bone from the iliac crest remains the most common procedure. Nevertheless, use of autologous bone grafts from the iliac crest may be associated with postoperative complications such as hematoma, infection, numbness, donor site pain, lateral femoral cutaneous nerve injury, pelvic fracture, and muscle herniation. 12 To avoid the morbidity associated with donor site complications, allograft may be used as an alternative source of bone; however, the use of allograft may result in slower recovery times. Delayed union or nonunion of the allograft can result in the need for revision surgery. The use of anterior plate fixation to provide immediate stability, and of intervertebral cages or spacers and rhBMP-2 has been introduced to minimize failure rates in cervical fusion.
The variability in reported results can be ascribed to multiple factors, including surgical technique, criteria used to define fusion, length of follow up, and number of levels fused. The success rates are lower when multiple levels are fused than for single-level fusions. Although various methods have been developed to decrease rates of nonunion after cervical fusion, grafting of autologous bone from the iliac crest remains the most common procedure. Nevertheless, use of autologous bone grafts from the iliac crest may be associated with postoperative complications such as hematoma, infection, numbness, donor site pain, lateral femoral cutaneous nerve injury, pelvic fracture, and muscle herniation. 12 To avoid the morbidity associated with donor site complications, allograft may be used as an alternative source of bone; however, the use of allograft may result in slower recovery times. Delayed union or nonunion of the allograft can result in the need for revision surgery. The use of anterior plate fixation to provide immediate stability, and of intervertebral cages or spacers and rhBMP-2 has been introduced to minimize failure rates in cervical fusion.
Intervertebral cages were designed to prevent collapse and pseudarthrosis that was sometimes seen with fusions in which only bone graft was used. 5, 7 To be effective, intervertebral cages must be stable enough to be used as a stand-alone device. These cages were traditionally composed of autograft, cadaveric allograft, titanium, or stainless steel. The inability to assess fusion radiographically when metal cages are used has prompted the development of spacers composed of other materials. The optimal spacer would be rigid at implantation, become less so over time, and would degrade completely when the healing cycle has been completed. 6, 20 Biomaterials such as carbon fiber, hydroxyapatite, and calcium phosphate ceramics were studied in animals and were found to be subject to fatigue fractures, collapse, and extrusion. 20 Bioabsorbable materials have emerged as an alternative that could provide the attributes of immediate stability, relative radiolucency, gradual transfer of stress to the fusion site, and breakdown products that have no mutagenic or immunogenic properties. Bioabsorbable polymers have properties consistent with these criteria. Once the fusion has matured, the materials slowly resorb by bulk hydrolysis into carbon dioxide and water. 1 Animal studies have been conducted to assess resorbable devices used for interbody fusion. The authors of one study investigated devices constructed of a 70:30 PLa polymer in 25 sheep over a period of 24 months; the animals were treated with and without added rhBMP-2. 15 Comparable steadily increasing degrees of fusion were observed over the time period in mechanical and histological studies conducted on spines treated with the resorbable spacer filled with either rhBMP-2 or autograft bone. Additionally, as the implant resorbed at the 24-month period, the space was replaced with remodeled bone, there was normal bone mineralization adjacent to the device, and no osteolysis was found. These findings are comparable to those in another study, in which lumbar interbody devices composed of poly-L-lactide were investigated in 36 goats. 18 The fusion was complete at approximately 2 years, and was faster and more complete than with identically shaped titanium cages. Tissue reaction in both studies was described as mild to moderate.
Limited clinical experience has been reported for the use of bioabsorbable interbody spacers in spinal fusion in humans. 1, 2 In these posterior lumbar interbody fusion procedures, local "morcellized" autologous bone was packed within and around the devices. At 1 year postfusion, results show clinical outcomes equivalent to those reported historically with allograft bone spacers. Preliminary results (1-9 months) in 60 patients who underwent transforaminal lumbar interbody fusion procedures in which two HYDROSORB bioabsorbable implants were used per level are encouraging. 11 The majority of patients experienced symptomatic relief, and there were no implant failures.
The use of rhBMP-2 has been shown to initiate osteoinduction and to achieve spinal arthrodesis in animals 8, 9, [13] [14] [15] 19 and in humans. Clinical studies of lumbar 4, 10 and cervical fusion 3 in humans have demonstrated consistent and clear osteoinduction when rhBMP-2 is impregnated onto an absorbable collagen sponge (Infuse) and placed in an intervertebral spacer. Here we present 3-to 6-month follow-up information on a series of 20 patients in whom a bioabsorbable interbody spacer was combined with Infuse interbody filler for anterior cervical fusions at one to three levels.
CLINICAL MATERIAL AND METHODS
We conducted a prospective evaluation of medical charts, radiographs, and CT scans in all patients who had undergone ACDF in which a bioabsorbable orthopedic implant, Cornerstone-HSR, was used as an interbody spacer to contain Infuse bone graft (both supplied by Medtronic Sofamor Danek). Cornerstone-HSR is a noncrystalline polylactide copolymer with a 70:30 ratio of poly(Llactide) to poly(D,L-lactide).
A total of 20 patients were chosen to undergo this surgical procedure between March 31, 2003, and July 3, 2003. Patients ranged in age from 22 to 62 years (mean 46.2 Ϯ 8.77 years). There were six women (30%) and 14 men (70%). All patients had one-, two-, or three-level cervical disc disease. Specific patient data are shown in Table 1. T. H. Lanman and T. J. Hopkins Each patient underwent a standard anterior cervical discectomy. The rhBMP-2 solution was reconstituted and applied to a piece of collagen sponge according to the directions for use of Infuse. The epidural space was sealed with a 2-mm layer of Tisseel thrombin glue, which acted as a barrier between the Infuse and spinal canal. The Infuse was then contained within the Cornerstone-HSR absorbable interbody implants, which were tapped into place for each level to be fused. Anterior cervical plating systems were used in conjunction with the interbody spacer and graft. The Atlantis Anterior Cervical Plate System (Medtronic Sofamor Danek) was used in 75% of cases and the Blackstone Anterior Cervical Plate System (Blackstone Medical, Springfield, MA) was used in 25%.
As part of a standardized evaluation process, preoperative plain radiographs and CT scans were obtained in all patients to document degenerative disc disease, and patients were asked to complete a baseline SF-36 survey questionnaire. Plain radiographs, CT scans, and SF-36 surveys were obtained at follow-up visits to determine the fusion rates and functional outcomes after surgery. Fusion was determined according to results observed on radiographs and CT scans. Fusion was defined as bridging bone in the interbody space from the vertebra through the graft to the adjacent vertebra.
The postoperative regimen included the following instructions to be followed for 6 weeks until the first followup visit: 1) no lifting more than 15 to 20 pounds; 2) walk daily; 3) may drive 3 days after surgery; and 4) may shower and get the wound wet. None of the patients wore a neck brace or collar after surgery.
RESULTS
The majority of participants (65%) were treated as outpatients, whereas 30% spent 1 to 3 days in the hospital postoperatively. One patient (Case 6) had an extended hospital stay of 32 days due to complications; this was the third ACDF for this patient. She suffered severe dysphagia postoperatively and required a feeding tube until she was able to swallow at 1 month postsurgery. She did well after that and exhibited solid bridging bone at her 3-month follow-up visit.
One-level fusion was performed in 14 patients (70%), two-level in four (20%), and three-level in two (10%), for a total of 28 levels. At the 3-month follow-up point, successful interbody fusion was observed on CT scans in 20 patients (100%), including the two in whom three levels were fused. At the 6-month follow-up visit, 17 patients underwent CT scanning, and all 17 continued to show interbody fusion. The patient in Case 1 was a 56-year-old man with disc herniation at C5-6 and C6-7. Figure 1 consists of his preoperative magnetic resonance image and the sagittal view from his 6-week CT scan, whereas Fig. 2 displays sagittal and axial views from his 3-and 6-month CT scans.
There were few postsurgical complications. One patient (Case 6) experienced severe dysphagia, as described earlier. Another patient (Case 16) had undergone a previous ACDF at C5-6, C6-7, and C7-T1 in which allograft was used. In this series he underwent surgery for a nonunion at C7-T1, but required additional surgery 3 months postoperatively for a nonunion at C5-6. After the second surgery, solid fusion extended down through all levels. There were no device-related complications.
Patients' general health status was assessed using the
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Pilot study of fusion with rhBMP-2 packed in PLa implants SF-36 Version 2 health survey (Table 2) . Improvement from baseline (increase in score) at 3 months postoperatively was noted in all scores except those for general health. Physical functioning scores improved by 5.7 points, whereas bodily pain scores increased only slightly (2.2 points). Five patients have completed SF-36 surveys at 6 months postoperatively; Table 3 shows that physical functioning continued to improve in four of them. Bodily pain scores improved in three patients, and remained the same as the baseline in one. One patient (Case 16) reported increased bodily pain at the 6-month time point that may be attributed to a second surgery performed 3 months postoperatively.
DISCUSSION
Bioabsorbable materials have been used for various applications in spinal surgery, including iliac reconstruction, cervical plating and screws, and lumbar interbody spacers. The early and intermediate strength of bioabsorbable materials allow a progressive transfer of stresses to the fusion site. In an animal study in which titanium interbody cages were compared with those made of bioabsorbable poly-L-lactic acid, van Dijk, et al., 16 concluded that the reduced stiffness of the bioabsorbable cages enhanced lumbar interbody fusion and that their radiolucent properties were useful in determining the rate of interbody fusion within the cages. In another animal study in which polylactide cages packed with either autologous bone or rhBMP-2 were evaluated, the investigators found the bioabsorbable interbody spacers to be a viable alternative to metal, with the advantages of increased radiolucency and decreased stiffness. 15 This analysis is one of the first reported patient series in which early results of the use of rhBMP-2 in conjunction with a bioabsorbable interbody spacer for ACDF are shown. In this patient series it was possible to assess fusion as early as 3 months postoperatively because of the radiolucency of the spacer. The fusion rates at 3 months are similar to those reported at 6 months in a study in which rhBMP-2 was used with an allograft interbody spacer and cervical plating. 3 This experience with Infuse and Cornerstone-HSR appears to document faster and improved fusion rates than those in our experience using Infuse with allograft. The combination of Cornerstone-HSR or allograft and Infuse is considered by the Food and Drug Administration to be an off-label use in the cervical spine.
This report involves a small number of patients in whom a relatively short follow-up time has accumulated. It is encouraging to note, however, that bridging bone was clearly visible on plain radiographs and CT scans at the 3-month follow-up examination. It is too early to draw conclusions about this combination of materials for anterior cervical fusion, but the initial results in this pilot study indicate that this procedure may provide an alternative treatment for anterior cervical fusion. These patients will continue to receive follow-up care to confirm long-term success with the use of a bioabsorbable interbody spacer in conjunction with rhBMP-2 for anterior cervical fusion.
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